The procedure generally used for the isolation of extracellular, cell-associated proteinases of Lactococcus lactis species is based on the release of the proteinases by repeated incubation and washing of the cells in a Ca2+-free buffer. For L. lactis subsp. cremoris Wg2, as many as five incubations for 30 min at 29°C are needed in order to liberate 95% of the proteinase. Proteinase release was not affected by chloramphenicol, which indicates that release is not the result of protein synthesis during the incubations. Ca2+ inhibited, while ethylene glycol-bis(O-aminoethyl ether)-N,N,N',N'-tetraacetic acid (EGTA) stimulated, proteinase release from the cells. The pH optimum for proteinase release ranged between 6.5 and 7.5, which was higher than the optimum pH of the proteinase measured for casein hydrolysis (i.e., 6.4). Treatment of cells with the serine proteinase inhibitor phenylmethylsulfonyl fluoride prior to the incubations in Ca2+-free buffer reduced the release of the proteinase by 70 to 80%. The residual proteinase remained cell associated but could be removed by the addition of active L. lactis subsp. cremoris Wg2 proteinase. This suggests that proteinase release from cells of L. lactis subsp. cremoris Wg2 is the result of autoproteolytic activity. From a comparison of the N-terminal amino acid sequence of the released proteinase with the complete amino acid sequence determined from the nucleotide sequence of the proteinase gene, a protein of 180 kilodaltons would be expected. However, a proteinase with a molecular weight of 165,000 was found, which indicated that further hydrolysis had occurred at the C terminus.
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Growth of Lactococcus lactis is dependent on the availability of essential amino acids (27) . These nutrients can be taken up by the cells as small peptides or as free amino acids (15, 17a, 25) . In milk, these nutrients are present at low concentrations and growth of L. lactis is limited unless milk protein (casein) is hydrolyzed. L. lactis produces a cell envelope-associated extracellular serine proteinase which is responsible for the initial breakdown of casein (for a review, see reference 17a). Furthermore, (extracellular) peptidases are produced which hydrolyze the degraded casein further to products that can be taken up by the cells and used for biosynthesis.
Biochemical and genetic data indicate that the proteinases of different L. lactis strains are very similar (14, 17a) . They are large molecules of 100 to 210 kilodaltons (kDa) which are associated with the cell envelope. Their activity is optimal between pH 6 and 7 and is inhibited by the specific serine proteinase inhibitors phenylmethylsulfonyl fluoride (PMSF) and diisopropyl fluorophosphate (DFP). Protein homology studies revealed that the lactococcal proteinases show remarkable homology to the serine proteinases of the subtilisin family (12) . This homology is especially found in the amino acid residues around the active site. Ca2+ stabilizes the enzymes of L. lactis subsp. cremoris HP and AC1 by preventing autodegradation and affects the activities of the proteinases of L. lactis subsp. cremoris AC1 and subsp. lactis NCDO763 (2, 4, 22) . Ca2+-chelating agents like citrate or EDTA reduce the proteinase activity of these three strains by 50 to 75% (2, 4, 22) .
Biochemical data revealed that the proteinase of L. lactis subsp. cremoris Wg2 has a molecular weight of 140,000, while genetic data indicate a molecular weight of 200,000 (9, 12) . This discrepancy can partially be explained by N-* Corresponding author.
terminal cleavage of the native enzyme molecule. Cleaving of the signal sequence during export and cleaving of the prosequence in the presence of the prtM gene product has been shown for the proteinase of this particular strain and for L. lactis subsp. cremoris SK11 (6, 12, 28) . Because of this processing, the molecular weight of the proteinase is reduced by approximately 20 kDa (6, 28) . Further N-terminal degradation inactivates the enzyme (12) . In previous work these degradation steps have been visualized on immunoblots by the use of monoclonal antibodies directed against the proteinase of this L. lactis strain (17) . Many degradation products of the enzyme can be detected. The molecular weight of several of these products is less than 180,000, which cannot be explained by the cleaving events during export or maturation of the proteinase.
The L. lactis proteinase activity can partially or wholly be released from cells by incubation in Ca2'-free buffer (21) . In the last decade, this method has generally been used to isolate the lactococcal proteinases (2, 4, 8, 9, 21, 22 with an excess of polyclonal antibodies (100 ,ul of a solution of 100 ,ug of antibody per ml-50 mM sodium carbonate [pH 9 .6] per well), the plates were washed three times in 50 mM Tris hydrochloride (pH 8.0)-150 mM NaCl-0.05% Tween 20 (E. Merck AG). Subsequently, the plates were blocked in 2% bovine serum albumin in 50 mM Tris hydrochloride (pH 8.0)-150 mM NaCl-0.05% Tween 20 (100 ,ul per well) for 20 min at 37°C. Antigen solution (50 ,ul) was diluted with 50 ,ul of 100 mM Tris hydrochloride (pH 8.0)-300 mM NaCl-1% bovine serum albumin-0.10% Tween 20 and applied to the wells. After 1 h of incubation at 37°C and three times washing, the plates were incubated with an excess of monoclonal antibodies (5 ,ug/ml; 45 min of incubation at 37°C).
Bound monoclonal antibodies were detected with peroxidase-conjugated antibodies against mouse antibodies (DAKO Immunoglobulines, Copenhagen, Denmark) as previously described (17) .
Protein and proteolytic activity assays. Proteinase activity was measured as described before with fluorescamine-labeled casein as a substrate (0.5% casein [wt/vol] in 30 mM sodium MES [pH 6.5]) (17, 26) . Standard assays were performed at 30°C for 60 min. Effects of CaCl2, EDTA, ethylene glycol-bis(,-aminoethyl ether)-N,N,N',N'-tetraacetic acid (EGTA), and PMSF on the caseinolytic activity of the proteinase were determined after 10 min of incubation at room temperature prior to the addition of substrate.
Protein concentrations were measured by the method of Lowry et al. (19) with bovine serum albumin as the standard.
SDS-PAGE. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed as described by SDS, 25% glycerol, 0.1% bromphenol blue, 10% P-mercaptoethanol) and applied to the gels. After electrophoresis, the gels were stained with 0.1% Coomassie brilliant blue or used for immunoblotting (16). The molecular weights of the protein bands were estimated by using the following reference proteins: myosin (200 kDa), ,-galactosidase (116.25 kDa), phosphorylase a (97.4 kDa), bovine serum albumin (66.2 kDa), and ovalbumin (43 kDa).
Immunoblotting. Western blotting was performed with a Semi-Dry Electroblotter A (Ancos, Copenhagen, Denmark) as described by Kyhse-Andersen (16). After SDS-PAGE, protein was transferred to Immobilon-P polyvinylidene difluoride (PVDF) transfer membranes (Millipore Corp., Bedford, Mass.). To determine the molecular weight of the proteinase immediately after release from the cells, the release was performed (for 20 min at 29°C) in the presence of 10 mM EGTA. The supernatant of the suspension after proteinase release was concentrated 10-fold by ultrafiltration with a Diaflo XM-50 filter (Amicon Corp., Lexington, Mass.), applied to an SDS-8% polyacrylamide gel, and blotted. Proteinase on the blot was detected with the monoclonal antibody Wg2-1 (17) .
Amino acid sequence analysis. After SDS-PAGE, proteins were transferred to Immobilon-P PVDF transfer membranes (as described above) and subjected to N-terminal sequence analysis (20 Ca2+-chelating agents such as EDTA (or EGTA; data not shown) inhibited the proteinase activity partially.
Effect of CaCl2 on proteinase release. Figure 1 shows the release of cell-bound proteinase from L. lactis cells during incubation in a CaCl2-free buffer at 29°C. Under these conditions the proteinase release reached its maximum after 40 min of incubation; longer incubation did not increase the proteinase release. Subsequent release was only achieved after a change of the incubation buffer (Fig. 2) . Five buffer changes were needed to release 95% of the total cell-bound proteinase. In a sixth change, no further release of proteinase could be detected (Fig. 2) .
CaCl2 present in the incubation buffer inhibited the proteinase release of L. lactis (Fig. 1) . After 30 min and longer incubation in the presence of 15 mM CaCl2-the same concentration as was used in the culture medium-less than 5% of the total proteinase content of the cells was released (Fig. 1 ). Change(s) of buffer containing 15 mM CaCl2 did not result in a significant increase of the proteinase release (data not shown).
In the presence of 10 to 15 mM EGTA (or EDTA; data not shown) the proteinase release was significantly increased (Fig. 1) . After 20 min, almost 80% of the total proteinase could be detected in the medium. Changes of the incubation buffer did not result in additional proteinase release (Fig. 2) vation indicates that proteinase release is not the result of proteinase synthesis ( Table 2) .
Effect of PMSF on proteinase release. When cells were incubated for 15 min with 5 mmol of PMSF per mg of cell protein prior to the incubation in CaCl2-free buffer, proteinase release was blocked almost completely ( Fig. 1 and 2 ). EGTA or a change of the incubation buffer did not affect this inhibition of the proteinase release. Proteinase, inhibited with PMSF, can only be removed from the cells by other proteinases, such as subtilisin Carlsberg or active proteinase of L. lactis (Fig. 2, reincubation) . Addition of 37 pmol of subtilisin Carlsberg resulted in a 95% release of the blocked proteinase in less than 30 min of incubation at 29°C (data not shown). Addition of the same concentration of L. lactis Fig. 3 . After SDS-PAGE, several protein bands were detected, ranging from 165 kDa (highest molecular mass) to 25 kDa (not shown). The protein bands of 165, 130, 87, and 48 kDa reacted with the monoclonal antibody Wg2-1 (Fig. 3) . The largest (active) proteinase molecule that could be detected after proteinase release had a molecular mass of 165 kDa.
Amino acid sequence analysis. The N-terminal amino acid sequences of the proteinase bands with molecular weights of 165,000 and 87,000 have been determined. Both proteins started at the N terminus with the sequence (NH2)AspAla-Lys-Ala-Asn-Ser. The N-terminal Asp residue was found at position 188 in the amino acid sequence derived from the DNA sequence of the proteinase gene (12) . These observations demonstrate that the N terminus of the proteinase is not further hydrolyzed during and after release.
DISCUSSION
The data presented in this paper strongly suggest that the release of proteinase of L. lactis subsp. cremoris Wg2 from the cell envelope is an autocatalytic process. Proteinase release is blocked by the specific proteinase inhibitor PMSF and facilitated by active proteinase. The molecular mass of the released proteinase is at the most 165 kDa, which is significantly smaller than that of the mature enzyme, which is supposed to be 180 kDa (6) . A similar process has been described for the secretion of subtilisin of Bacillus amyloliquefaciens (24) . The maturation of this enzyme involves cleaving at the N terminus. During the incubations in CaCl2-free buffer, no de novo synthesis of proteinase was observed in this L. lactis strain. This is also different from the secretion process of subtilisin (24) (12) . After export and processing, the molecular mass of the proteinase is reduced by 20 kDa (6, 10, 12, 28) . Amino acid sequence analysis showed that the N terminus of the released Wg2 proteinase starts with Asp-188 and corresponds to the N-terminal sequence of the mature proteinases of the L. lactis strains NCDO763 and SK11 (10, 28) . The released Wg2 proteinase segment thus should have a molecular weight of approximately 180,000. However, the released proteinase was found to have a molecular weight of 165,000, which suggests that specific cleaving at the C terminus leads to a release of the cell-bound proteinase. The N terminus is conserved even in an 87-kDa degradation product of the proteinase, indicating that further degradation of the proteinase after the release from the cell envelope also occurs at the C terminus.
The hypothesis that the enzyme is anchored to the cells via the C terminus is supported by the following observations: (i) a clone of the L. lactis subsp. cremoris Wg2 proteinase lacking its 133 C-terminal amino acids produces active proteinase which is not bound to the cell (6) mean that a polypeptide of at least 15 kDa is left behind in the cell envelope. For the type M6 protein of S. pyogenes, a 16-kDa C-terminal fragment has been isolated from the cells after trypsin digestion (23) . This 16-kDa fragment is the smallest protein fragment that can be isolated, since further trypsin degradation is prevented by the cell wall components. The size of the proteinase fragment in the lactococcal cell envelope could also be determined by the cell wall.
A working model for the degradation of the L. lactis proteinase and the mechanism of release from cells has been postulated (11) . The results presented in this paper support aspects of this model and allow us to present a more detailed scheme of the events occurring during the proteinase release (Fig. 4 ). Ca2+ appears to affect the conformation of the proteinase molecule without drastically affecting its activity. The conformation of the proteinase, however, can seriously influence autodigestion-as occurs during the release-by opening up cleaving sites in the enzyme molecule. In the presence of Ca2+, the proteinase is in a stable conformation (Fig. 4a) . After removal of Ca2 , this conformation is destabilized and a cleaving site for autodigestion becomes exposed (Fig. 4b) . Diffusion of Ca2+ into the medium limits the rate of proteinase release. Ca2+ diffusion stops when the proteinase-associated Ca2+ is in equilibrium with the medium Ca2+. Ca2' diffusion can proceed when the medium is changed. Diffusion of Ca2+ is facilitated by chelating agents. This explains the increased rate of release in the presence of EGTA. The scheme described above is distinctly different from the working hypothesis presented for the localization of the proteinase of L. lactis subsp. cremoris HP (2) . This hypothesis postulates that the native proteinase exists as a complex of two polypeptides-with an active polypeptide of 133 kDa-held together by Ca bridges. This complex would be integrated in the peripheral structures of the cell wall, also by means of Ca2+ interactions. Rapid release of the proteinase would occur by removal of Ca2+. Our results do not support this hypothesis.
In the scheme of Fig. 4 , the release is an autoproteolytic process in which the C-terminal end is cleaved and the membrane anchor region is left in the cell envelope. Cleavage of inhibited proteinase can be performed by other proteinase molecules, but it could also be an intramolecular process.
During the release the proteinase molecule is modified by autoproteolytic degradation. Possibly this first cleavage at the C terminus catalyzes further C-terminal degradation of the lactococcal proteinase, resulting in derivatives with molecular weights smaller than 165,000. Localization of this cleavage site would supply more insight into the C-terminal degradation of the lactococcal proteinase. Our future experiments aim to find this cleavage site.
